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1 
This inventon relates to an improved radi- 
aton measuring instument or radiation meter 
of te tpe used for measuring bet and gamma 
radiaton, for example, te metr being of the 
general type wherein the amount of radiation 
present is measured in accordance wit the 
amount of ionizaton produced thereby in an 
ionizaton chamber. The currentfrom the ioniza- 
ton chamber, of course, is amplified prior f indi- 
caton by a microammetr. 
This invention is concerned especially wit pro- 
viding a portable radiation meter of a very con- 
renient, compact and readily usable form, that is, of a design and constucton adapting the 
metr f be manually used wherever desired and 
adaptd to convenience in probing wherever 
may be necessary to test for radiaton. 
Radiaton meters of this general tpe and cate- 
tory, that is, portble electonic radiation sur- 
vey instuments, have in the pastlefta good deal 
to be desired and have established an unfavorable 
reputation wit field users, primarily due to teir 
instbilit, failure to hold calibration, and spuri- 
ous response. 
The disabilites of these instrument bave now 
been found to be due to cathode destbilization, 
variable leakage resultng from humidit, and to 
ionizaton of air in te proximit of vacuum tube 
leads. Cathode destbflizaton results from the 
simultneous applicaton of plate and cathode 
heating potentials which causes the amplifier tube 
f operat momentrily under "temperature lim- 
ited" conditons. Failure to hold calibration 
sults from te change, due to variable humidity, 
in te resistance of the very high resistnce ele- 
ments and surfa.ce leakage of very high resistnce 
insulatrs. Spurious response is due to ioniza- 
ton of air in the proximity of te vacuum tbe 
leads and is a functon of the intensity of ioniza- 
tion in tis regio. Inasmuch as ion producing 
lïelds may be non-uniform, spurious variable 
readings may be obtined when the vacuum tube 
leads are exposed to a radiaton field which is 
differentfrom te radiation field which is ionizing 
the tas in te chamber. Further, under condi- 
tons of intnse radiation, ionization of air be- 
tween the grid and negative filamentlead may 
result in conditons such that the grid collects 
electrons from te ionized air and may actually 
produce reversed readings. 
With reference to ,cathode destabilization, most 
vacuum tubes are operated under "space charge 
limited" conditions. These tubes are designed 
so that under normal operating conditions the 
cathode gives off a copions surplus of electrons, 
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with the result that the anode current is lim- 
ited bF the mutual repulsion between the eleo- 
trons and not by the omission capabilities of the 
cathode. 
5 If such a tube were to be operated with a cath- 
ode temperatre below that at which an excess of 
electrons are emitted, as demanded by the grid 
and plate potntial gradients, the space charge 
would no longer exist with the result that sub- 
10 stantally all te electrons emited by the cathode 
would be drawn to the anode and/or other elec- 
trodes. Tubes operated under these conditions 
are operatng under so called "tmperature lim- 
itd" conditions. The operaton of tubes under 
15 "temperature limited" conditions produces de- 
structive forces at the cathode and results in 
varying degrees of damage oï the cathode 
less te cathode is speciflcally designed for such 
use. 
20 In the manufacture of vacuum tubes consider- 
able attention is giron to the treatment of cath- 
odes fo develop maximum omission characteris- 
tics, long liïe, and high stability. In the case of 
small battery operated electrometer tubes, lar- 
25 ticular care in the treatment of the cathode 
giron to develop maximum stability; however, if 
these fllaments or cathodes are operated only 
momentarily under "temperature limited" con- 
ditions, temporary damage to the cathode coating 
30 occurs and manifests itself as either reduced plate 
current, instability, or both. Tubes in many lre- 
vious embodiments of portable electrometers were 
temporarily operated under "temperature lim- 
ited" conditions while the cathode was heating 
35 to normal operating temperature immediately 
after turning the amplifier on. This produced 
temporary destabilization which tended to cor- 
rect itself when the tube was operated at nor- 
mal ratings. The rime required for restabiliza- 
4O tion of such a cathode varies between minutes 
and hours, depending upon the conditions which 
caused the destabilization, and upon the oper- 
ating conditions during the restabilizing period. 
The foregoing explains the conditions which 
45 give fise fo cathode destabilization as a factor 
related to the disabilities enumerated above which 
radiation measuring instruments have been sub- 
ject fo. iVy invention proposes a way of elimi- 
nating the cathode destabilization by speciflc 
50 means which vill be referred fo again in the 
enumeration of objects of the invention below. 
From the foregoing it will be apparent that the 
achievement of the objects of my invention of 
providing a portable radiation meter, having the 
55 desired characteristics, involves meeting a num- 
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ber of rather rigid requirements. The meeting 
of these requirements in achieving my invention 
is calculated fo overcome the objections which 
fleld users of this type of instrument bave here- 
tofore had fo previously known instruments. 
Among the particular requirements which my in- 
vention has as an object to meet is the ability fo 
reduce leakage, due to moisture precipitated on 
insulators by variable or high humidity, to such 
a low value that the instrument may be adjnsted 
to zero and will provide accurate readings of radi- 
ation intensity regardless of humidity conditions. 
Another object of my invention is to provide an 
instrument as described, capable of dependably 
holding ifs calibration within ai least 10% for 
prolonged periods of rime. 
Another .object of...the nvention is to avoid 
cathode destabilization by providing for auto- 
matic space -Chaï:ge ïïming ofthe amplifier 
tube during ifs warm-up peiod, the arrange- 
ment involving circuit combinations or netvorks 
such that the inherent rime delay in the circuit 
provides for thë space hë ïïmiting without 
the use of thermal tirne delays, rime delay re- 
lays, or tubes, etc ............... 
Another object of the invention is to provide 
an instrument which is free of spurious response, 
that is, an instrument in which there are no 
false or ungenuine responses, and particularly 
that type of spurious response which bas been 
given rise fo in the past by reason of the tube, 
that is, the associated grid circuit, collecting ions 
or electrons from the filament, plate or shielding 
circuits when the instrument is subject to radia- 
tion. 
Another particular object of my invention is 
fo effectuate the previously stated object by pro- 
viding a vacuum chamber enclosing the amplifier 
tube and its associated grid wiring and circuits, 
for the purpose of eliminating spurious response 
from effects associated with the tube and its grid 
circuit, and fo otherwise minimize the delete- 
rious effects of. humidity. 
Another object of my invention is fo provide 
a radiation meter, or radiation measuring instru- 
ment, having optimum stabflity characteristics 
and freedom from drift after establishing normal 
operating conditions following a brief warm-up 
period. 
Another object is to provide in the amplifier 
circuit for the radiation meter, arrangements, 
whereby there is a very restricted zeroing range 
so that as a result the operator of the instru- 
ment will be warned of conditions which would 
affect the calibration of the radiation meter, 
such as low or defective batteries, excessive in- 
sulation leakage between circuit elements, and 
a changed or defective amplifier tube. 
Numerous other objects and advantages of my 
invention will become apparent from the de- 
tailed description and annexed drawings where- 
in Fig. 1 is a perspective showing of the entire 
instrument. 
Fig. 2 is a wiring diagram of the ionization 
chamber and amplifier of the meter, that is, the 
instrument. 
Fig. 3 is a view in detail of the component 
parts including the vacuum chamber which in- 
cl0ses the amplifier tube and the sensitivity con- 
trol switch. 
Fig. 4 is a display of a typical calibration chart 
obtained with the instrument. 
Fig. 5 is a detail view taken along line 5--5 
of Fig. 3. 
Referring fo Fig. 1 of the drawing, the in- 
strument is shown a comprising a housing or 
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cabinet  in which the principal comportent 
parts of the instrttment, other than the ionization 
chamber, a.re contained. The cabinet  is 
rectilinear in configuration as shown, and af the 
5 bottom it has a pistol grip , attached fo the 
instrument so if can be conveniently carried and 
moved about from place fo place and adapting 
the instrument to probing to determine the 
existance of radiation. The cabinet , has a 
l0 slanting face or panel 3, in which is mounted 
the meter , on which is read the ionization 
current, as will be described presently. As will 
be seen, the meter !  is conveniently located with 
reference to the instrument to enable the oper- 
15 ator to read the meter with ease while probing. 
The instrument includes an ionization chamber 
5, which in itself is constructed in accordance 
with the known principles upon which ioniza, 
tion chambers operate. The chamber 5 coin- 
Z0 prises a cy]inder as shown on Fig. 1 and if may 
be preferably ruade of Bakelite and lined with 
graphite, that is, having a graphite coating on 
its inner surface. The cylinder is maintained af 
ground potential, as will be described, and the 
25 ionization chamber has a central longitudinal 
e]ectrode therein but insulated therefrom in ac- 
cordance with the usual manner of construction 
of ionization chambers. The end of the ioniza- 
tion chamber, that is, the cylinder 5 is ruade 
30 sensitive fo beta radiation by having a nylon 
covering or window , which is visible on Fig. 1. 
When the instrument is used for measuring 
gamma radiation in the presence of beta radia- 
tion, the end of the ionization chamber 5, that 
35 is, the nylon window, may be covered by a 
hinged door 8, having a hinge 6, which closes 
over the end of the ionization chamber and 
fastens by means of a spring clip |9. The cabi- 
net f is shown in Fig. 1 with part of a side 
40 panel broken away and this side panel Inay bave 
a calibration chart secured thereon. This chart, 
as may be seen in Fig. 5, shows calibration curves 
and reads iVil/I-II against the instrument read- 
ing, which is related fo the ionization current, 
there being a separate iVil scale for each of the 
45 sensitivity settings of the instrument. 
As may be seen on Fig. 1, cabinet |fl bas 
within it, in a vertical position, a cylindrical 
component 2, as will be described, consisting 
of a vacuum tight enclosure in which is disposed 
50 the amplifier tube and the sensitivity control. 
The sensitivity adjusting knob is designated by 
the numeral 3 and is disposed on the top of 
the cabinet |8, it being a manually adjusted but- 
ton with a pointer moving adjacent a graduated 
55 scale having four graduations, one of which is 
zero and the others, respectively, 109, 10 0, and 
10 n. The switch or button for turning the 
amplifier on and off and adjusting the zero 
setting of the instrument is on top of the cabinet 
ô0 | and designated by numeral 25. 
Referring now to Fig. 2 of the drawings, the 
vacuum chamber | is indicated diagrammati- 
cally on this figure in broken lines. The ampli- 
fier tube designated by the numeral @ is a tube 
65 which is known comm_ercially as the Victoreen 
V-32 tube. This particular tube was chosen, 
having in mind the consideration, that provided 
a single tube could be used as a current ampli- 
fier and the circuit and tube ruade sufficiently 
70 stable to meet requirements, the arrangement 
would be unusually attractive from the stand- 
point of a reduction in battery supply require- 
ments with resultant improvemenç in portability. 
The filamentary cathode 3| is heated by current 
5 from a 1/ volt battery  and in the cathode 
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circuit is one blade 
which is a multiple throw switch for turning the 
amplifier on and off. This switch will be re- 
ferred to again presently. The cathode leads 
pass through Kovar seals 34 and 3§ where they 5 
pass into the evacuated chamber 2[. This type 
of seal is well known in the art and requires 
no further description. The plate voltage is 
supplied by a 7½ volt battery 38, and the lead 
fo the plate also passes into chamber 
a Kovar seal 38. The meter [2 previously re- 
ferred to is in the plate circuit as shown, and 
bas a range from zero fo .0 microamperes, 
The grid bias is supplied by a 7½ volt battery 
48. In the grid circuit is a multiple tap switch 
which is the sensitivity control of the instru- 
ment as designated by numeral 42. This control 
comprises a potential divider involving resist- 
ances 43, 44, and 4§ as shown and having taps 
46, 4], 48, and 
59 designates a slider or contact movable fr0m 
one fo another Of the taps, the slider being ad- 
justable by the previously described knob 
The mechanical construction and arrangement 
of the grid circuit potential divider, that is, the 
sensitivity control will be described more in de- 
rail in connection with the description of Fig. 3. 
The resistors 43, 44, and 45 bave resistances of 
109, 10 lo, and 101 ohms corresponding to the 
graduated scale adjacent fo the knob 23 in Fig. 1. 30 
Af the cathode end of the grid circuit is a con- 
trol switch 2 §, which is a multiple control switch 
as described above. The grid circuit is com- 
pleted through a potentiometer 52 as shown, and 
the lead fo the slider of this potentiometer passes 35 
into the evacuated chamber through Kov.r seal 
§. The switeh blade §[ is in an auxiliary cir- 
cuit v«hich includes the battery 
and two fixed resistances 53 and 4, the current 
in this circuit directional]y opposini the plate 40 
current of the tube in a manner well known fo 
the art. 
The ionization chamber [  is diagrammatically 
indicated on Fig. 2, the cylinder thereof, that is 
the chamber, being connected fo ground as 45 
shown, and the negative electrode §8 thereof 
being connected fo the slider ] of the sensitivity 
controller, the lead passing throuçh a Kovar seal 
55 into the evacuated chamber 2[. Thus, if is fo 
be seen that the ion current circuit includes the 50 
sensitivity controller 42, the slider of potentiom- 
eter 2, resistance 54, batteries 4 and 8, and 
additionally a battery §, of 45 volts fo provide 
an ion collecting potential, the positive side of 
which is connected fo ground through a fixed 55 
protective resistor 8. The batteries ar con- 
nected so that potentials are additive; thus, ap- 
proximately 60 volts is applied between the elec- 
trode 8 of the ionization chamber and the con- 
ductive coating, previously referred fo, on the 
inside of chamber 5. The resistances 
are, of course, of proper ohmae suited fo the 
constants oî the other circuit elCents to produce 
the desired operating results, as will be described. 
As bas ben previously pointed out, one 'of the 
principal objectives of my invention is the over- 
coming of instability in electronic instruments of 
this type; if being known from experience that 
instability of the instruments, failure to hold cal- 
ibration, and spurious or erroneous responses, 
were traceable in part fo conditions resulting 
from exposure of the instru.ments to humid air. 
In general, the effect of such exposure was fo. 
cause the constants of circuit elements to change, 
and more particularly fo bring about changes in 
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leakage between leads associated with tl]e ampli- 
fier tube and elements of the range selecting or 
sensitivity switch, principally leakage, between 
the grid and the plate circuits. 
Enclosing the amplifier tube and ifs associated 
iensitivity selecting components within an evac- 
uated compartment seeks, therefore, to eliminate 
such variations in electrical leakage and ioniza- 
tion of air in the vicinity of the vacuum tube 
leads that wouid alter the intended potential of 
the grid. The lealages, in addition fo altering 
the grid potentialby an amount proportional fo 
the grid resistor, the leakage resistance, and 
potentials of the conductors between leakage 
paths, also shunted the grid resistors. Both of 
these factors introduced false readings by ihift- 
in the,operating point of the amplifier tube and 
by reducing the resistance of the input circuit. 
8purious response results from ionizatïon of air 
adjacent fo the grid lead of the amplifier tube. 
Depending upon the intensity of radiation and 
the geometw of the enclosing shield with refer- 
ence to the tube leads, ion collection became spu- 
rious resulting in extreme cases in electron col- 
lecion by the grid with resultant reversed meter 
readings. Both the effects of leakage and of 
spurious response due fo ionization, can be elimi- 
nated by placing portions of an electronic ioniza- 
tion measuring circuit in a vacuum. 
leferring fo Fig. ,3 of the drawings, the evacu- 
ated chamber 2! is shown with ifs associated 
structural parts, the evacuated chamber being 
formed within the cylindrical comportent 22 as 
sho'n which is closed af the bottom end by a 
head or plate 60 having a valve and tube asso- 
ciated therewith for evacuation purposes as will 
presently be described. The cylinder 22 bas cut- 
away portions or openingi ihown af 6 ! in ifs sides 
near the upper part, fo permit wires to be con- 
nected to the Kovar seal leads, and below these 
openings the cylinder is iealed by a metallic disc 
82 which il vacuum sealed fo the inside walls of 
cylinder 2! by a selected type of commerial wax 
used for vacuum sealing. The vacuum tube  
is a relatively small tube which is disposed within 
the evacuated enclosure and may be suspended 
by its leads. The resistors 43, 44, and 45 are 
within the chamber 2! and are vertically dis- 
posed, as shown, being connected fo contact clips 
as will be described.- .8paced from the disc 62 is 
another disc 83 near the upper part of the cylin- 
der 22, these two discs being spaced by rods 64 
and 6§ which are threaded af both ends. The 
disc 63 is secured fo the upper ends of the rods 
by nuts on either side of the disc as æhown. The 
rods pass entirely through the diic 62 being sol- 
dered and sealed thereto, and af the lower ends 
they support a contact-carrying disc 66 which 
carries a plurality of contact memberi 46, 4, 45, 
and 45 angularly arranged and the contacts of 
which constitute the taps 48, 4, 48, and 45 
described in connection with Fig. 2 (also, see Fig. 
5). The disc 88 is attached to the lower ends Of 
the rods 64 and 85 by nuts on either side of the 
d.sc as shown. Cooperating with these contacts 
is a rotatable swtch blade 5 (see Fig. 5) which 
is operated by a flnger 6 extending downwardly 
from , staft  passingthrough a sleeve or bush- 
ing 89 cntrally located in the disc 82 and sealed 
thereto and having a flange as shown af ifs lower 
end. Af the upper end of the shaft 68 is a nar- 
row finger which engages in a slot in the hub of 
a toothed »xheel 8[ which is rotatable, as will be 
described, by shaft 8 outside of chamber 2! 
which carries the sensitivitY adjusting knob  
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previously referred fo. The shaft 68 is within a 
rubber or Neoprene tube 88 forming a seal, the 
lower end of this tube being fltted over bushing 
69 and the upper end fltting around the hub of 
the toothed wheel 81, the ends of the tube being 
sealingly secured by a wire wound tightly around 
each end of the tube to provide the seal. When 
the shaft 68 is turned fo operate the switch within 
the evacuated chamber, the tube 80 twists, that 
is, is placed under torsional stress without break- 
ing the seals af ifs ends and without rupturing 
the tube. The shaft 70 passes through disc 71 at 
the upper end of the chamber 21, through a 
screw-threaded flttipg 72 which is secured fo the 
disc 71 by nut 
on the opposite side of the disc 71 as shown. The 
toothed wheel 81 cooperates with a spring flnger 
supported by index bracket 82, which normally 
bears against ifs teeth so that if moves in well 
deflned steps. The switch contact flnger 
adjustable by rotation of the shaft 78 so as to 
bring if into contact successively with the contacg 
points 48, 47, 48, and 49 which are connected 
through the contact clips as shown fo grid resis- 
tors 43, 44, and 45 forming the potential divider 
42 as described. 
the sensitivity control 42 can be operated from 
outside the evacuated chamber by means of rota- 
tion of the shaft 78 by the knob 23. The Kovar 
seals previously described in connection with Fig. 
2 are visible on Fig. 3 as are various of the leads 
and the connections fo resistors 43, 44, and 45, 
The lower end of the chamber 21 is closed by 
disc 68 as described. Near the periphery of the 
disc 68 there is attached by soldering, or the 
like, a block 76 having a horizontal screw 
threaded bore as shown communicating with a 
relatively small counter bore which is adapted to 
receive a needie valve 77 having a screw threaded 
portion of a size fo fit the screw threaded bore 
in block 76. The counter bore in block 76 com- 
municates with a drilled opening which is aligned 
with an opening 79 through the disc 68 into the 
interior of the evacuated chamber. The horizon- 
tal bore in block 76 bas communicating there- 
with a tube 78 which is soldered fo the block 76. 
This tube provides for evacuation of the chamber 
21 bY attaching a flexible vacuum line fo the tube 
78. In my invention the seals and flttings as- 
sociated with vacuum chamber 21 are sufficiently 
tight fo provide for securing a vacuum equiv- 
alent fo 29 inches of mercury within the chamber. 
In the operation of the meter of my invention, 
when the amplifier is turned on by turning the 
knob 2§, switch blades 33 and Si are brought into 
contact with their associated flxed contacts clos- 
ing both the cathode circuit and the grid circuit. 
The switch 25 is of the well known type wherein 
initial closing movement brings blades 
into engagement with their associated contacts 
and further movement adjusts potentiometer 52. 
The slider 58 of the sensitivity controller af 
rime is preferably, but not necessarily, at zero set, 
that is, in contact with the tap 48. The instant 
the amplifier is turned on the grid is negative 7 
volts but exponentially decreases fo about 1/4 
volts due fo the rime constant of the grid resistors 
and the distributed capacity of the grid circuit. 
This space charge limits the space current until 
the cathode is af operating temperature. This 
is of beneflt i preventing destabilization of the 
cathode and resultant amplifier instability. 
When switch blade 5  is in the open position there 
is no current in the circuit of battery 48, resistors 
53 and §4, and the potentiometer 52. This circuit 

may be called a combination meter balancing 
network and bias control circuit. In other words, 
when switch blade 51 is in the open position, all 
portions of this resistance network are at the ïull 
5 negative value oï the battery 48 with respect fo 
the filament of the tube as is the slider of poten- 
tiometer 52, as well as the resistors 43, 44, and 45, 
and the grid of tube 38. 
., Normally the grid of the tube is ata potential 
10 suiïiciently negative fo space charge limit the 
 emission of the cathode af the instant the switch 
i, 25 is closed and so remains for one fo two seconds 
due fo the rime constant of the resistance-ca- 
.pacity network represented by the distributed 
15 capacitance of the wiring of the grid circuit and 
the input resistors 43, 44, and 45. The grid of 
the tube prior fo closing the switch is af ï/2 volts 
negative potential with respect fo the filament 
in the circuit with the parameters existing there- 
20 in. This potential decreases fo 1/4 volts in a mat- 
ter of about eight seconds, af which rime the in 
itrument can be zeroed and used. It is to be 
i'seen, therefore, that the tube is automatically 
; space charge limited for a brief period of rime by 
25 reason of the exponential potential decay af the 
:i grid of the amplifier tube, due fo the resistance- 
[ capacitance network represented by the resist- 
' ance and capacity associated with the grid ciri 
! cuit. The rime delay whereby the space charge 
30  limiting is accomplished is achieved without re- 
lays or unusual switching arrangements which 
might otherwise be used fo prevent cathode 
damage by the application of plate potentials 
belote proper cathode operating temperatures 
35 are obtained. 
The auxiliary circuit of meter 12 including re- 
sistances 53 and 54 opposes the current of the 
plate circuit within the meter, that isi the instru- 
ment may be set to zero by adjusting the poten- 
40 tiometer 52. The meter can be made to read 
zero by adjusting potentiometer 52 since this po- 
tentiometer is in the grid circuit of the tube and 
thus controls the potential thereto. By adjusting 
the potentiometer 52 the plate current of the am- 
45 plifier is adjusted within predetermined limits to 
compensate for battery voltage variations and 
minor variations in tube characteristics. The 
resistance value of this potentiometer in propor- 
tion fo the values of the resistors 53 and 54 in 
50 the bias adjuiting and meter balancing network 
is restricted fo a relatively narrow range. By so 
restricting the range through which the instru- 
ment can be "zero set" the operator of the in- 
strument will be warned of conditions which 
55 would effect the calibration of the radiation 
meter, such as: low or defective batteries, ex- 
cessive insulation leakage between circuit ele- 
ments, or a defective amplifier tube. 
A properly constructed radiation meter with 
60 the vacuum enclosure under 29 inches of 
vacuum bas only one area of leakage, that of the 
Kovar insulator 55, exposed fo the effects of 
humid air which can produce erroneous readings. 
By virtue of the switching arrangement of the 
65 sensitivity switch 42 the leakage of this one area 
can be tested fo determine if suflïcient leakage is 
present fo result in erroneous readings. The in- 
strument is turned on, and zeroed with the selec- 
for blade 58 cormected fo tap 46. If appreciable 
70 leakage is present on the Kovar insulator 55, an 
increase in the reading of the microammeter 
will occur when selector blade 58 is moved fo 
either of the taps 47, 48, or 49. This test pre- 
supposes that the instrument is hot subjected fo 
75 a radiation field suiïicient fo produce readable 
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deflections of the microammeter 2. The diffi- 
culty of maintaining the resistance path of in- 
sulator 55 ai infinite resistance is recognized and 
sufficient zero resetting potential is available 
through adjustment of potentiometer 5. fo per- 
mit resetting the zero for small values oï leakage. 
These factors are, oï course, of rather important 
signiflcance in the light oï the objectives of the 
instrument since if is desired that if be accurate 
and that if remain accurate. 
In using the instrument it may, oï course, be 
carried about ïrom place fo place wherever if is 
desired to probe and determtne the possibflity of 
the existence of radiation. Any ionization tak- 
ing place in the ionization chamber produces a 
current in the ionization circuit and with the 
slider 5{} of the sensitvty controller 42 in con- 
tact with ose of its assocated taps 47, 48, or 49, 
there is a voltage drop through the resisors of 
the sensitivity controller which causes a signal 
tobe impressed on the grid oï the tube 39. For 
instance, if the slider is in contact with the tap 
47, the ionization current produces a volçage drop 
through the resistor #.3 and a proportional signal 
is impressed on the grid of the tube and the in- 
strument will respond accordingly giving a read- 
ing on the meter ! 2 in microamperes and the cor- 
responding amount of radiation may be read 
from the chart of Fig. 4 using ose of the Mt 
scales corresponding to the settng of sensttivity 
controller 42. 
The sensitivity control is changed, of course, by 
moving the slider 5{} ïrom ose to another of 
associated taps; for instance, when itis moved 
from tap 47 to 45 the sensitivity of the instru- 
ment is increased by a ïactor oï 11 since the ion- 
izati0n current now passes through both the re- 
sistances 44 and 43. Snce the resistance 44 is 
tes rimes as great as that of resistance 43, and, 
as pointed out, both resistances are now in the 
circuit, the sensitivity is then increased by a fac- 
tor oï 11. In other words, the signal impressed 
on the grid oï the tube 3{} ïor the same ionization 
current is proportionately 11 rimes greater. 
With my instrument I bave round that the 
curve of pressure within the evacuated cham- 
ber against instrument reading is linear and an 
accurate check of the vacuum within the cham- 
ber cas be obtained by setting the input switch, 
that is the sensitivity controller, to zero set and 
exposing the instrument fo a strong source of 
gamma radiation. With one particular instru- 
ment it was round that when a 10 mg. Ra source 
was placed against the evacuated enclosure 
which was ai a vacuum of 29 inches oï mercury 
no perceptible deflection of the meter was ob- 
served. With the same source, and ai 16 inches 
of vacuum, the meter gave a reading of 20 micro- 
amperes. 
From the foegoing those skilled in the art 
will obselwe that I bave provided a very conven- 
lent and readily usable radiation meter, and if 
will be appreciated that it accomplishes the in- 
tended results of achieving accuracy, stability, 
freedom from deleterious effects of humidity and 
particularly spurious response. If also achieves 
dependability of calibration. My instrument bas 
been round tobe accurate, stable, and free from 
spurious response and drift for the reasons out- 
lined, in that variations in leakage and ionization 
of air in the vicinity of the tube bave been elim- 
inated due to the fact that the enclosing com- 
partment is evacuated. 
The foregoing disclosure is representative of a 
preferred form of my invention, and if is tobe 
understood that the principles of the invention 
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may be practiced in various forms and modifica- 
tions thereof. The disclosure herein is fo be in- 
terpreted therefore in an illustrative rather than 
a limiting sense. 
  claim: 
'11!' In a tube circuit including a multielement 
te, in combination, means ïor automatically 
space charge limiting the tube to prevent de  
stabilization and damage to the cathode during 
I0 ifs warm-up period comprising a predetermined 
negative grid bias potential supply which is nor- 
mally on the grid when the tube is non-operative, 
means for applying a normal potential fo said 
grid, a normally open switching element for con- 
1 trolling the application of said normal potential 
to the grid, cathode heating means, a second nor- 
mally open switching element for controlling the 
operation of said heating means, and a mechani- 
cal connection between said two switching ele- 
2 ments for constraining said elements to simul- 
taneous operation, the grid circuit involving a 
resistance-capacitance rime delay network such 
that when normal operating potentials are 
plied to the tube the grid remains sufficiently 
25 negative to space charge limit the emission of 
the cathode untll if reaches normal operating 
temperature. 
2. An electronic circuit comprising an elec- 
tron tube having ai least a cathode, anode and 
O control grid, a first source oï potential applied 
between said cathode and said anode, a second 
source of potential, a third source of potential, a 
potentiometer, a connector from the slder of 
said potentiometer fo said control grid, , con- 
5 nector from ose side of said potentiometer to the 
egative side of saint second source of potential, 
there being capacitance between said control grid 
and said cathode, a connector from the positive 
side of said second source of potential to the 
40 cathode and switching means for simuItaneous- 
ly connecting the other side of said potentiometer 
fo the positive side of said second source of po- 
tential and applying said third source of poten- 
tial to the heater element of said cathode. 
45 3. Apparatus in accordance with claim 1 
wherein said capacitance is the interelectrode 
and associated wiring capacitance between said 
cathode and said control grid of said electron 
tube. 
50 4. In a tube circuit including a multi-element 
tube, in combination, means for automatically 
space charge limifing the tube ta prevent de- 
stabilization and damage to the cathode during 
ifs warm-up period, comprising a grid member 
55 adjacent to the cathode of the tube, grid bias 
potential supply means including means for ap- 
plying different potentials to the grid, circuit 
means whereby a relatively high negative poten- 
tial is on said grid member when the tube is non- 
6o operative, said circuit involving a resistance,a- 
pacitance rime delay network, a flrst switching 
element controlling said grid bias potential sup- 
ply, circuit connections controlled by saïd first 
switching element fo connect a relatively lower 
65 potential to said grid member, a cathode heater 
supply circuit including a second switching ele- 
ment, and means for simultaneously closing said 
two switching elements, the rime delay network 
operating to cause the grid member to remain 
7O sufficiently negative to space charge limit the 
emission of the cathode until it reaches normal 
oprating temperature. 
'ç:An electronic circui comprising a tube hav- 
ing a cathode, anode, and a control grid, means 
75 for heating said cathode and means for apply- 
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ing a potential to the anode, means forming a 
grid circuit network comprising a grid biasing 
potential supply, a connection from the negative 
side of said supply to the grid, said grid circuit 
having a parallel branch which is open when the 
tube is hot operating, said circuit network hav- 
ing a resistance therein which is common to the 
grid connection and the parallel branch circuit, 
there being capacitance between said control 
grid and said cathode, switching means in said 
parallel branch for controlling the grid circuit 
network, additional switching means for con- 
trolling said cathode heating means, and a me- 
chanical rie between said two switching means 
for constraining said two switching means to 
simultaneous operation. 
6. The arrangement of claire 5 wherein said 
resistance is in the form of a potentiometer hav- 
ing its slider connected to the control grid, said 
resistance being relatively small as compared fo 
the circuit constants of the grid circuit network 
providing for a relatively narrow range of adjust- 
ment of grid bias potential. 
7. The arrangement of claire 5 wherein said 
resistance is in the form of a potentiometer hav- 
ing ifs slider connected to-the control grid, said 
parallel branch circuit having a portion in coin- 
mon with the output ' circuit of the tube and a 
meter in said common portion. 
8. In a tube circuit including a multi-element 
tube, in combination, means for automatically 
space charge limiting the tube fo prevent de- 
stabflization and damage to the cathode dur- 
ing ifs warm-up period comprising a grid ruera- 
ber adjacent to the cathode of the tube, grid 
bias potential supply means including means for 
supplying different potentials to the grid, circuit 
means whereby a relatively high negative po- 
tential is on said grid member when the tube is 
non-operative, a first switching means control- 
ling said grid bias potential supply, circuit con- 
nections controlled by said first switching means 
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t0 connect a relatively lower potential to said 
grid member, a cathode heater supply circuit in c 
cluding a second switching means, and means 
simultaneously actuating said two switching 
5 means, the said circuit means embodying a rime 
delay characteristic means operative fo cause 
the grid member fo remain sufficiently nega- 
rive to space charge limit the emission of the 
cathode until it reaches normal operation tem- 
10 perature. 
9. An electronic circuit comprising an electron 
tube having at least a cathode, anode and con- 
trol grid, said grid and cathode having substan- 
tial stray capacitance therebetween, a manually 
15 operable gang switch having first and second 
simuitaneously operable normally open switch- 
ing elements, a cathode heater circuit including a 
voltage supply .and the first of said switching 
elementæ, a source of grid bias voltage of suflï- 
20 cient magnitude fo prevent fiow of anode cur- 
rent in said tube, a connection between the posi- 
tive side of said source and said cathode, a resis- 
otive connection between the negative side of said 
source and said grid, and a circuit, including the 
25 second of said switching elements, interconnect- 
ed between said cathode and a point on said 
sistive connection. 
CHARLES O. BALLOU. 
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